INTRODUCTION

13
Several reports addressed the initial establishment of genetic techniques for the 14 Thermococcales, a major group of hyperthermophilic archaea including the genera 15 Thermococcus and Pyrococcus. The first experiments described used the plasmid 16 pGT5 from Pyrococcus abyssi. This plasmid is only 3440 bp in size and replicates via 17 a rolling circle mechanism (7). The archaeal plasmid was fused with a pUC19 vector 18 to create a potential shuttle vector between Escherichia coli and Pyrococcus furiosus 19 (1). This construct could be transformed in both organisms by CaCl 2 treatment. Later, 20 this construct was modified by introducing the alcohol dehydrogenase gene from 21 Sulfolobus solfataricus as a selectable marker (3) . The resulting plasmids pAG1 and 22 on October 25, 2017 by guest http://aem.asm.org/ Downloaded from 3 pAG2 were maintained for several generations in E. coli, in the euryarchaeote P. 1 furiosus and also in the crenarchaeote S. acidocaldarius. The presence of these 2 plasmids in the two archaea conferred resistance to butanol and benzyl alcohol. 3 As the attempts to use this selection system for P. abyssi failed, a new shuttle vector, 4 pYS2, was created (17). This construct is also based on the archaeal pGT5 plasmid 5 and a bacterial vector, pLitmus38. It contains the pyrE gene of S. acidocaldarius, a 6 key enzyme of the pyrimidine biosynthetic pathway, as a selectable marker. For the 7 transformation procedure a Pyrococcus strain was used containing a pyrE mutation 8 which led to a uracil-auxotrophic phenotype. Using the shuttle vector pYS2 in 9 combination with a polyethylene glycol-spheroplast method, it was possible to 10 transform the pyrE mutant of P. abyssi to uracil prototrophy. Although the 11 transformation frequency was very low, the shuttle vector was stably maintained at 12 high copy number under selective conditions in both E. coli and P. abyssi (17). 13 A major breakthrough in the establishment of genetic tools for hyperthermophilic 14 euryarchaeota was the development of a targeted gene disruption system by 15 homologous recombination in Thermococcus kodakaraensis KOD1 (23) These new findings with respect to antibiotic resistance and the fact that the published 8 shuttle vectors from Pyrococcus were never used in further investigations prompted 9 us to redesign the pYS2 vector (17). In this article we describe the construction of a 10 modified shuttle vector which allows overexpression of the HMG-CoA reductase in 11 transformed Pyrococcus cells and leads to stable simvastatin resistant cells. 12 Furthermore, we also demostrate overexpression of subunit D of the RNA polymerase 
MATERIALS AND METHODS
17
Strains and growth conditions. P. furiosus was cultivated under anaerobic conditions 18 at 85°C in nutrient-rich medium based on ½ SME-medium and supplemented with 19 different organic substrates (8). ½ SME-starch medium contained 0.1% each starch, 20 yeast extract and peptone. For ½ SME-pyruvate medium, the starch was replaced with 21 40 mM Na-pyruvate. Gelrite (1%) was added for solidification of medium. The General DNA manipulation. Escherichia coli strain DH5α, used for vector 3 construction and propagation, was cultivated at 37°C in Luria-Bertani (LB) medium. 4 When needed, 100 µg/ml ampicillin was added to media. The vector pYS2 was 5 provided by Prof. Gaёl Erauso (Université de la Méditerranée, Marseille, France). 6 Restriction and modification enzymes were purchased from NEB (Ipswich, USA).
7
Plasmid DNA und DNA fragments from agarose gels were isolated using a plasmid 8 mini or gel extraction kit from Qiagen (Hilden, Germany). Phusion High-Fidelity DNA 9 polymerase from Finnzymes (Keilaranta, Finland) was used as a polymerase for PCR.
10
DNA sequencing was performed by Geneart (Regensburg, Germany). Genomic DNA 11 from P. furiosus wild-type and transformed strains was isolated using a DNeasy Blood were added. After a heat shock at 80°C for 3 minutes, the cells were again incubated for 11 10 min at 4°C and then cultivated in ½ SME-starch liquid medium in the presence of 10 12 µM simvastatin at 85°C for 48 h. Later, the cells were plated on ½ SME medium with 13 starch as substrate and containing 10 µM simvastatin. The plates were incubated at 14 85°C for 48 h.
15
Growth properties of P. furiosus and P. furiosus pYS3 and pYS4 transformants.
16
To analyze resistance toward simvastatin, pYS3 transformed cells were cultivated in 17 ½ SME-starch medium supplemented with 1, 5, 10, or 20 µM simvastatin at 85°C.
18
Wild-type P. furiosus cells were also cultivated in ½ SME-starch medium at 85°C (5`-CCAACATTTGCAGTTGATGAAG-3`) and RpoD500-R plasmid DNA it was possible to successfully re-transform E. coli (data not shown).
10
This clearly demonstrates that this redesigned shuttle vector including the plasmid 11 pGT5 from P. abyssi was also stably replicated as an external DNA element in P. wild-type by a western blot assay using antibodies against RNAP subunit D (Fig. 2) .
7
Identical amounts of RNAP were applied to gels used for western blots as shown by 8 immunostaining using the antibody raised against RNAP subunit A´´. Analysis of the 9 crude extracts of the wild-type strain revealed only one signal corresponding to 10 subunit D (Fig. 2, lanes 7-9) . In contrast, the crude extracts of the transformants here.
20
To check whether the affinity purified RNAP fractions (Fig. 3A , lanes 4 to 6) are 21 functionally active these fractions were analyzed by in vitro transcription experiments. Fig. 3B, lanes 2 and 3) . When one transcription factor or both were omitted, 3 transcription was abolished (Fig. 3B, lanes 4 to 6) . Taken (Fig. 4, lanes 2-6) . When transformants were analyzed beside 19 the genomic fragment an additional band with a size of 1.1 kb was observed (Fig. 4 , 20 lanes 7 to 11). As this signal was also present in the control lane with the ratio between plasmid and chromosomal DNA was analyzed in crude extracts in 6 addition. This experiment confirmed the results that the copy number of the plasmid 7 pYS4 in P. furiosus was between one and two (data not shown). 
DISCUSSION
10
In this paper we describe a shuttle expression vector system for P. furious and E. coli resistance and the mechanism responsible to maintain a certain copy number in P.
5 abyssi is absent in P. furiosus. A reduced copy number in a different host was also 6 observed when plasmids pAG1 and pAG2 from P. abyssi were transferred to P.
7 furiosus (1) or when a plasmid from Thermococcus nautilus was transferred to T.
Although the copy number of the shuttle vector described in this paper is low, the 10 possibility to transform P. furiosus and to use this shuttle vector for the regulated 11 expression of plasmid-encoded genes now allows the development of a genetic system.
12
Our recent results suggest that it will be also possible to mutate the chromosome of P. hyperthermophilic Sulfolobus expression system than in E. coli (2). 3 We provide also evidence that this system can be used to isolate an active fraction of 4 RNAP in a two step purification procedure when a 14 The transcription assays were performed as described previously (19). 
